INTRODUCTION
Manure from intensive poultry meat production often exceeds the producing farm's capacity to use it for crop production. Therefore, to prevent their overapplication to land, and associated nutrient losses to water, land applications of broiler litter and other manures are regulated by the European Union Nitrates Directive to ensure that they do not exceed crop N demand (oenema, 2004; Bolan et al., 2010) . In addition to operational European Union Nitrates Directive regulations within Northern Ireland, P regulations require that applications of P fertilizers should make a full allowance for P applied in animal manures (Department of Agriculture and Rural Development and Department of Environment for Northern Ireland, 2011). These regulations operate via controls on application rates of animal manures and specify standard values for the N and P contents of manures which are those set out in the manual of fertilization recommendations, known as RB209 published by the Department of Agriculture, Food and Rural Affairs in London (DEFRA, 2010) .
Historically, significant quantities of inorganic P were added to poultry diets to ensure an adequate supply of P for growth, health, and welfare. However, since the development of microbial phytases, dietary inclusion of inorganic P has been reduced as phytase increases the bioavailability of P bound up in the phytate molecule of cereal grains (Simons et al., 1990; Selle and Ravindran, 2007) . The initial impetus to use phytase was to reduce diet costs by reducing the requirement for expensive inorganic phosphate sources and to improve production efficiency above that expected from the increase in P availability (Selle and Ravindran, 2007) . However, there are also now known environmental benefits to the inclusion of phytase through lowering manure P emissions. Eutrophication in Northern Ireland reflects high P losses from land to water, and in the late 1990s the local poultry industry began to use microbial phytases in poultry diets (Foy and Lennox, 2006 manures, the standard nutrient composition of broiler litter used in the regulatory framework is that published by the sixth edition of RB209 in 1994 and has remained unchanged up to the eighth edition of RB209 published in 2010 (MAFF, 1994; DEFRA, 2010) . The current study was undertaken to determine if the RB209 values were appropriate standards for broiler litter generated within Northern Ireland. This paper compares the nutrient contents of litters sampled in 2010 with RB209 and other published data including those for broiler litter manures in Northern Ireland published by Sharp and Smith (2005) . As an indicator of the risk of P loss from land to water following manure application, the water-soluble P (WSP) fraction of manures has been shown to be a better predictor of loss than total P (Kleinman et al., 2007) , and this paper presents the WSP contents of the broiler litters together with data on their uric acid and ammonium contents.
MATERIALS AND METHODS
Litters from 20 broiler units were sampled during october and November 2010 and were divided equally between the 2 poultry processors which then dominated the poultry sector in Northern Ireland. Each processor, referred to as A and B, respectively, supplied a common diet formulation of starter, grower, finisher, and withdrawal diets to their contracted farms, and mean poultry output weights and feed conversion ratios of each group were within 3% of each other (Table 1) . The diet N contents of the 2 groups were almost identical, but company A fed a level of dietary P that was 7% higher than company B and this difference widened to 15% when the available P contents of diets were compared.
Samples were collected during clear-out of the houses as this has been shown to result in a more representative sample due to the mixing that occurs during this process (Dou et al., 2001) . Five composite samples were collected from each unit, based on the method described by Tasistro et al. (2004) . The litter was pushed to one end of the house and removed using a tractor fitted with a loader bucket or a telescopic handler. Litter from the bucket was sampled at 5 intervals during clear-out to produce 5 composite samples from the unit. Each composite sample consisted of 10 hand grab samples that were mixed together thoroughly to give a 1-kg sample taken in a labeled plastic bag. on the day of collection, the samples were transferred to the laboratory and subdivided for analyses. Dry matter and N content were determined on a fresh subsample according to AoAC (1990) procedures. For the determination of P, Mg, and K contents, a subsample of each composite sample was oven-dried at 80°C and milled through a 1-mm screen. Samples were analyzed for P using a Perkin Elmer Flow Injection Analyzer (model FIAS 300, Waltham, MA), with the measurement of the resultant molybdenum blue complex conducted at 700 nm via a Perkin Elmer Lambda 2 Spectrophotometer. Magnesium and potassium contents were determined via a Perkin Elmer Atomic Absorption Spectrophotometer (model 2380). The remaining sample was frozen and thawed for analysis of uric acid and ammonium nitrogen contents (MAFF/ADAS, 1986) and WSP content. Water-soluble P was extracted using a ratio of water to litter of 15:1, an extraction time of 30 min and at 20 to 21°C. The sample was then centrifuged at 2,933 × g for 5 min before analyzing the supernatant. Composite samples were analyzed in duplicate and results combined to give one value per broiler unit. Mean values and variances for DM and nutrient contents of the 2010 survey were compared with broiler litter composition from 16 farms in Northern Ireland sampled in 2004 and listed by Sharp and Smith (2005) . The variance of data sets were compared using the F-test, and depending on whether variances were significantly different or not, the appropriate Student's t-test was used to assess whether the differences in mean values were statistically different (Snedecor and Cochran, 1967) . The abbreviation CL refers to the 95% confidence limits of the mean value.
RESULTS
The composition of the litters sampled from the 20 broiler units across Northern Ireland are presented in Table 2 . The average litter produced per 1,000 birds was 1.23 t with the quantity ranging from 0.84 to 1.43 t/1,000 birds. Mean DM, N, phosphate, potash, Mgo, WSP, NH 4 N, and uric acid N were 66%, 33.1 kg/t, 15.8 kg/t, 19.6 kg/t, 5.8 kg/t, 3.87 kg/t, 4.37 kg/t, and 7.88 kg/t, respectively. There were positive correlations between DM content and N, phosphate, potash, and Mgo. The correlation (r 2 ) for DM and N = 0.65, P < 0.001; r 2 for DM and phosphate = 0.63, P < 0.001; r 2 for DM and potash = 0.56, P < 0.001; and r 2 for DM and Mgo = 0.58, P < 0.001. There were negative correlations between DM and NH 4 N and WSP content. The correlation for DM and NH 4 N = 0.22, P = 0.038 and r 2 for DM and WSP = 0.45, P = 0.001. There was no relationship (P = 0.330) between DM content and uric acid N.
The mean N content of the broiler litter of 33.1 (CL ± 1.7) kg/t was 10% higher than the standard RB209 value of 30 kg/t (Table 3 ), but when the N content of the sampled litters was adjusted to account for the higher DM content of 2010, then the standardized N content was 31 kg/t and so only 3% higher than the standard RB209 value. The mean value for potash was 19.6 kg/t, but when standardized to 60% DM, the 2010 litter values of 18.4/t was only 1% higher than the comparable RB209 value. For Mgo, the difference was larger; when normalized to a 60% DM, the Mgo content of 5.0 kg/t was 14% larger than the RB209 value of 4.4 kg/t. The mean phosphate content of 15.8 (CL ± 1.6) kg/t in 2010 was 37% lower than the RB209 value of 25 kg/t. When standardized to a 60% DM content, this difference widened to 45% with a phosphate content for 2010 of 13.7 kg/t. The values obtained in 2010 were also compared with the composition of 16 broiler litters sampled in 2004 as listed by Sharp and Smith (2005) . The DM contents of these samples covered a narrower range than in 2010 as evidenced by the lower SEM of the 2004 sample, but there was no difference in mean values of DM (P = 0.266; Table 3 ). The N content of the 2 data sets differed by only 4% (P = 0.150). Compared with the mean potash content of 19.6 kg/t for 2010, the mean value of 27.4 kg/t for 2004 was higher (P < 0.001). The mean phosphate content of the 2004 samples of 19.9 (CL ± 0.9) kg/t was higher than observed in 2010 (15.8 kg/t). The N:P ratio of litter increased from 3.7 to 5.0 in 2010 (P < 0.001) as a result of the unchanged N content and lower P content. Ammonium N was higher (P < 0.001) in 2010 cf. 2004 (4.4 vs. 2.1 kg/t). As a percentage of total N, uric acid N ranged from 17 to 29% of total N across the 20 samples, with a mean of 24%, which exceeded the NH 4 N content in all samples (Table 4 ). The NH 4 N contributed to 13% of the total N and ranged from 8 to 18% (Table 4) .
DISCUSSION
The most important finding from this study is the fact that current levels of P in broiler litter are substan- .9 (7.6 1 ) ± 0.32 -tially (45%) lower than the standard book value quoted in RB209. This reduction has been a result of the inclusion of phytase in broiler diets, which has thus reduced the amount of overall dietary P and hence P excretion in the litter. A review of experimental trials by Maguire et al. (2005) found that supplementing broiler diets with phytase while lowering mineral P additions lowered P excretion rates by up to 40%, whereas larger reductions of up to 50% in the P contents of litter have been reported by Angel et al. (2006) and Vadas et al. (2004) , suggesting that the reduction of P observed in broiler litter from Northern Ireland from the standard given by RB209 is technically feasible. However, despite the widespread reported use of phytase as a supplement in poultry diets, there are few reports as to how this has affected manure P levels from commercial broiler production at national or regional scales. The US state of Delaware has a large poultry industry, and Hansen et al. (2005) reported that, following the adoption of phytase addition to diets, phosphate analyses of broiler litters from commercial farms had dropped from the fertilizer standard of 27 to 36 kg/t used for nutrient management planning to a mean of 20 kg/t in 2003-2004, which is therefore a lowering in scale similar to the current study. As the mean DM of these litters was 70%, the calculated phosphate content of the postphytase litter would on a per unit DM basis be 14 kg/t, which is therefore higher than the mean of 10.4 kg/t phosphate (calculated to 66.1% DM) of litters from Northern Ireland in 2010. other published experiments report litter phosphate contents of close to 10 kg/t on a DM basis, although this value may not be regarded as an industry standard because litter contents will vary depending on litter DM and the P contents of the organic materials in the diet irrespective of whether phytase is used (Vadas et al., 2004; Angel et al., 2006; Pillai et al., 2009; McGrath et al., 2010) . Further circumstantial evidence in support of a low P content of broiler litter from Northern Ireland comes from mushroom composts manufactured from straw and broiler litter, because P is lower in composts from Northern Ireland compared with the rest of Ireland (Jordan et al., 2008) . The N:P ratio (by weight) of the RB209 standard composition of broiler litter is 2.75, whereas an average for 5 states in the United States listed by Zhang et al. (2009) gives an average of 2.67. Repeated annual applications of such litters to meet crop N requirements would increase soil P and hence increase eutrophication risk from high diffuse losses of soil P (Sharpley et al., 1994) . These ratios values are substantially less than the mean ratio of 4.97 listed in Table 4 for the broiler litters from Northern Ireland in 2010 where the most common cereal grown is spring barley. The N and phosphate fertilizer requirements listed in RB209 for this crop at soil N supply index 2 and soil P index 2 with straw removal are N at 110 kg of N/ha and phosphate at 50 kg of P 2 o 5 /ha, which equate to an N:P fertilizer ratio of 5.0 by weight that is essentially the same as the N:P ratio for broiler litter from Northern Ireland as determined in this study. Although this comparison ignores the lower availability of N in broiler litter compared with chemical fertilizer N, the comparison does indicate that broiler litter is a less imbalanced fertilizer than previously assumed.
Although phytase supplementation has enabled the use of lower P diets and lowered the P content of manures, there has been concern that phytase increases the WSP component of manures and so increases the risk of P loss in runoff above the sparing effects of lower total P (Vadas et al., 2004) . The ratio of WSP/TP in broiler litter has been shown to be negatively related to the Ca to P ratio in diets , but the data obtained in the current study suggest that the proportion of WSP is strongly and negatively influenced by the DM content of the litters. Dry matter content also alters the N fractions, notably reducing the breakdown product ammonium, emphasizing that moisture can facilitate the microbial activity in litters. A study by Casteel et al. (2011) found that WSP increased as litter moisture increased with a regressionbased relationship between WSP and litter moisture. Angel et al. (2006) showed that WSP in freshly voided poultry manures was low and only after manures were incubated was the majority of WSP formed, with an antibiotic added to manure depressing WSP, but added water increased WSP concentrations. Practically, if litter DM content can be increased and influenced by management and husbandry techniques, then WSP and NH 4 excretion will be decreased, thus reducing the environmental footprint of poultry production.
The combined uric acid and ammonium N content of broiler litter is regarded as providing a measure of readily available N for crop production (Chambers et al., 1999) , and in the current study the combined uric acid and ammonium content of 12.3 kg/t was 23% kg of N higher than the mean of 10.0 kg/t for litters from England and Wales in 1992 (Nicholson et al., 1996) . Compared with that study, the litters from Northern Ireland had higher uric acid (7.9 vs. 4.0 kg/t) but lower ammonium contents (4.4 vs. 6.0 kg/t). The reasons for these differences are unclear and may be partly related to the sampling protocol of the current study, which collected, bagged, and prepared for analysis in a short time and therefore limited the time for the microbial mediated breakdown of uric acid and the loss of ammonia due to volatilization. The ammonium N contents measured in the current study were higher than those recorded for Northern Ireland litters in 2004 (4.4 vs. 2.0 kg/t). The increase of the ammonium content observed as moisture contents increased is consistent with the role of moisture in promoting the microbial breakdown of uric acid, but an inverse relationship between ammonium and uric acid N was not observed in this study, perhaps because the study did not measure urea, which is an intermediate compound formed during microbial breakdown of uric acid (Sims and Wolf, 1994) . For practical farming, following the standard RB209 composition and targeting broiler litter applications to meet crop P off-take will result in an undersupply of P to the crop, while the risk of P oversupply is significantly lower where broiler litter applications are aimed at meeting crop N demands. For regulatory purposes, it is obviously desirable that the values of litter composition in the current Nitrates Directive and Phosphorus Regulations operation in Northern Ireland should be as realistic as possible, requiring that the phosphate composition be substantially lowered. In addition, there is a case for increasing the standard DM content of litters from the current value of 60%; both this study and the survey results given by Sharp and Smith (2005) were above this value with mean DM contents of 67 and 66%, respectively. In terms of limiting the risk of P loss to water, there appears to be an environmental advantage in keeping litters as dry as possible before application to maintain low WSP, although it can equally be argued that surface applied manure with a low moisture and WSP contents is unlikely to remain in that state if exposed to the rain, atmospheric humidity, or both.
